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INTRODUCTION

27
1.1 BACKGROUND TO THE STUDY 28 29
Pineapple (Ananas comosus L. Merr.), the third most important tropical fruit in the world after 30 banana and citrus (Loeillet, 1997; Bartholomew et al., 2003) , is a delicious fruit with 31 exceptional juiciness and immense health benefits (Joy, 2010) as well as fine flavour and 32 high nutritive value (Amao et al., 2011 and Baruwa, 2013) . Its content makes it a good raw 33 material in confectionery industries for making sweet, fruit drinks and household food 34 additives (Hasegawa et al., 1996) . Important producing countries are Thailand, Brazil, India, 35
China, Philippines, Nigeria, Mexico, Australia and Colombia . These 36 countries produce the fruit primarily for fresh fruit markets and the processing industry. 37 Nigeria is ranked 7 th on the list for world pineapple production as well as the leading 38 producer in Africa with a production of 1,400,000 metric tonnes of fresh Pineapple having the 39 largest land area of about 180,000 hectares (ha) for pineapple production in the world and 40 yield of 7,778 tonnes/ha (FAOSTAT, 2011). 41 42
Until recently, about 80% of pineapples produced in Nigeria came from small scale farms 43 managed under mixed cropping system. Recent access to international markets, enhanced 44 value of fresh fruits, resuscitation of pineapple cultivation and local processing have 45 encouraged the development of few large scale farms where pineapple is produced as a 46 mono crop (Adesope et al., 2009 ). Despite Nigeria's position and potential in pineapple 47 production in the world and the enormous economic advantages the country has over the 48 crop, Nigeria has the lowest productivity of about 7 tonnes/ha when compared with the other 49 nine top producers in the world thereby, contributing a small share (5%) of the world 50 pineapple production (FAOSTAT, 2010 and Mark, 2010) thus, reflecting a low yield in 51 pineapple production in the country (Mark, 2010) . Adegbite et al. (2014) reported that 52
Nigeria's inability to fully tap into the economic potentials of the crop might be a reflection of 53 its inefficient nature in pineapple production. 54 55
The crucial role of efficiency in increasing agricultural output has been widely recognized by 56 researchers and policy makers alike (Rahman, et production efficiency in developing countries, Nigeria inclusive. The modern theory of 60 efficiency dates back to the pioneering work of Farrell (1957) who proposed that the 61 efficiency of a firm consist of technical and allocative components and the combination of 62 these two components provides a means of economic efficiency (Orewa and Izekor, 2012) . 63
Technical efficiency is the ability of a firm to produce a given level of output with minimum 64 quantity of inputs under a given technology. Allocative efficiency is a measure of the degree 65 of success in achieving the best combination of different inputs in producing a specific level 66 of output considering the relative prices of these inputs. Economic efficiency is a product of 67 technical and allocative efficiency (Olayide and Heady, 1982) . 68 69 An important assumption relating to efficiency measurement is that firms operating on the 70 outer bound production function, that is, on the efficiency frontier are said to be technically 71 efficient while firms that fail to operate on the outer bound production function are technically 72 inefficient. One way farmers can raise productivity is improving the efficiency within the limit 73 of the existing resource base and technology (Udoh, 2005) . Productivity is reduced in the 74 presence of technical inefficiency whereas the more efficient the firm, the higher its 75 productivity, ceteris paribus (Kumbhakar, 2004) . Boosting pineapple production would 76 require that resources be use efficiently since efficiency in the use of the production inputs is 77 essential for optimum production. Therefore, there is the need to assess the level of 78 efficiency of resources used in agricultural production in general and pineapple production in 79 particular. The corresponding stochastic frontier cost function model for estimating the farm overall 142 economic efficiency is specified as:
Where C i = represent the total input cost of the i th farm; g = is the suitable functional form; P i 145 = represent input prices employed by the i th farm; α = parameters to be estimated and V i and 146 U i are the error terms and assumed to be independent and identically distributed truncations 147 (at zero) of the N (v,σ 2 ) distribution. 148 149
However because inefficiencies are assumed to always increase costs, error component 150 have positive sign. The farm-specific cost efficiency is defined as the ratio of the observed 151 total cost of production to minimum cost. But economic efficiency is the inverse of the cost 152 efficiency (Ogundari et al. 2006) . Therefore, the farm specific economic efficiency (EE) is 153 defined as the ratio of minimum production cost (C*) to actual production (C The data collected include the socio-economic characteristics of the pineapple producers 205 (such as age, sex, marital status, household size, years of schooling, years of experience in 206 pineapple production, cooperative membership and extension contacts), the input and output 207 data (consisting of farm size (ha), family and hired labour (man-days), number, quantity and 208 weight of suckers (kg), fertilizers (kg) and pineapple harvested (kg) and market prices of all 209 inputs employed in production and output) as well as respondents' perceived problems 210 affecting the economic production of pineapple in the study area. 211 212
METHOD OF DATA ANALYSIS
214
In order to achieve the objectives for this study, descriptive statistics (mean and standard 215 deviation) and the stochastic frontier production and cost function models were used to 216 analyze the socio-economic characteristics and the technical, allocative and economic 217 efficiencies respectively of the farmers. 218 219
The stochastic frontier production model developed by Aigner et al. (1977) was employed in 220 this study to determine respondents' productivity and technical efficiency. The parameters of 221 the model were obtained by the use of maximum likelihood estimation method using the 222 computer software FRONTIER 4.1 (Coelli, 1994) . The model in its general form is as 223 specified in equations 1 and 2 above. The production technology is assumed to be 224 characterized by Cobb-Douglas production function. The Cobb-Douglas production function 225 has advantage over other forms of production functions like the Linear and Semi-226 log production functions in that a logarithmic transformation provides a model which is linear 227 in the log of input and hence, easily used for econometric studies (Coelli, 1995) . The Cob-228 Douglas production model is specified and defined by:
Where Y i = output of pineapple (kg); β o = constant or Intercept of the model; β 1 -β 4 = 231 regression coefficients; X 1 = quantity of suckers (kg); X 2 = quantity of fertilizers used (kg); X 3 232 = labour used (Man-days); X 4 = farm size (Ha); V i = random error term; ln = logarithm to base 233 e and U i = technical inefficiency effect predicted by the model and the subscript i indicate the 234 i th farmer in the sample. 235 236
The corresponding stochastic frontier cost function model for estimating the farm overall 237 economic efficiency in its general form is as specified in equation 5 above. A Cobb-Douglas 238 functional form was also employed to the model of pineapple production in this study 239 because the functional form has been used in many empirical studies, particularly, those 240 relating to developing country agriculture and also meets the requirement of being self-dual. 241
The Cobb-Douglas cost frontier functional form for pineapple farm is specified as follows:
Where, C= total input cost of production of pineapple farm (N); ln = logarithm to base e; P 1 = 244 cost of labour (N); P 2 = Average cost of sucker (N); P 3 = Average cost of fertilizer (N); 245 P 4 =Average cost of farm size (N) and Q = quantity of output (Kg). 246 247
INEFFICIENCY EFFECT MODEL
249
In the analysis of farmer's efficiency/inefficiency, it is not the average of the observed 250 relationship between the farmers' inputs and output that is of interest but the maximum 251 possible output that is obtained from a given combination of inputs. Not all producers are 252 technically efficient as opposed to conventional microeconomic theory; such statement 253 implies that not all producers are able to utilize the minimum quantity of required inputs in 254 order to produce the desired quantity of output given the available technology. Similarly, not 255 all producers are able to minimized necessary costs for the intended production of output. 256 257
From a theoretical point of view, producers do not always optimize their production functions. 258
The production frontier characterizes the minimum number of necessary combinations of 259 inputs for the production of diverse products, or the maximum output with various input 260 combination and a given technology. Producers operating on the production frontier are 261 considered technically efficient, while those who operate under the production frontier are 262 denoted technically inefficient. 263 264
In line with Ray (1988) and Sharma et al. (1999) , the determinants of technical and allocative 265 inefficiency effects can be estimated as: 266
Where U i is technical and allocative inefficiency effects, Z it is the vectors of explanatory 268 variables associated with the technical and allocative inefficiencies and α i is vector of 269 unknown parameters to be estimated. 270 271
An explicit equation can be expressed as: 272
Where U i = technical and allocative inefficiency effects; Z 1 = age of the farmer (years) These were included in the model to indicate their possible influence on technical and 282 allocative efficiencies of the farmers and to satisfy objective (iii). The estimates for all the 283 parameters of the stochastic frontier production and cost functions and inefficiency model 284 were obtained using the programme FRONTIER 4.1 (Coelli, 1994 
TECHNICAL EFFICIENCY OF PINEAPPLE FARMERS IN THE STUDY AREA
359
The technical efficiency of the pineapple farmers in the two selected Local Government 360
Areas is presented in The technical efficiency of pineapple farmers in Ovia South-West LGA ranged from 0.88 to 381 0.33, with a mean TE 0.60. This implies that on the average, the respondents are able to 382 obtain about 60% of potential output from a given mix of production inputs. Thus, in the 383 short-run, there is scope for increasing pineapple production by 40% by adopting the 384 technologies or techniques used by the most technical efficient farmers in pineapple 385 production. The results of the technical efficiency showed that farmers in Ovia South-West 386
LGA were relatively more technically efficient than farmers in Esan West LGA. 387 388
DETERMINANTS OF TECHNICAL INEFFICIENCY
390
The variables influencing inefficiency were specified as those relating to farmers' socio-391 economic characteristics. The coefficient of gender was estimated to be positive and significantly related to efficiency 411 at 10% level of probability, suggesting that inefficiency is less among female than male. This 412 is contrary to a priori expectation, because men are usually more endowed with resource 413 inputs than women. However, women generally control smaller farmlands than men and 414 appear keener in planting vegetables and fruits for family consumption than their male 415 counterparts who normally devote their time to the production of cash crops for income 416 (Agyare, 2010) . Another plausible reason can be attributed to the older age of the male 417 farmers involved in pineapple production in the study areas compare to women as this tends 418 to make them less efficient than the women. However, previous studies as reported by 419
Tchale and Sauer (2007) had found gender to have no significant impact on efficiency. 420 421
The coefficient of contact with extension agents was negative and statistically significant at 422 5% level and this agrees with a priori expectations. This implies that farmers that had more 423 contact with extension agents tend to be less inefficient than their counterpart with less/no 424 contact with extension agents. The implication is that farmers having more contact with 425 extension agents are able to get information about the state of latest agricultural technology, 426 pest management and proper and timely use of agricultural inputs. Similar result was 427 indicated by Hassan (2004) . 428 429
The coefficient of membership of cooperative association was reported positive and 430 significantly related to technical inefficiency at 10 % level of probability. This is contrary to a 431 priori expectation implying that farmers who are members of association are less efficient. 432
Membership of association can be very valuable for small-scale farmers because it facilitate 433 access to market, secure market for their crops as well as provide some technical 434 assistance. The study showed only few farmers were members of cooperative societies and 435 were mostly new entrants irrespective of their years of farming and as such most of the 436 benefits of being a member eluded them. This finding was consistent with those of 437 Onyenweaku and Ohajianya (2005) who reported that farmers with wealthy households, 438 sufficient experience in farming and with excess labour tend not to be involved in collective 439 action which is consistent with theoretical prediction. Another possible explanation could be 440 that pineapple farmers in the study area regard membership of cooperatives as a "public 441 good" and not as a "social good" where they fraternize not necessarily for farming or 442 production motives. 443 444
In accordance with a priori expectation, the coefficient of access to credit was negative but 445 not significantly related to inefficiency. This implies that farmers having access to credit are 446 technically more efficient than farmers with less/no access to credit. The finding of this study 447 conformed to the finding of Idiong (2007 
ELASTICITY OF PRODUCTION AND RETURN TO SCALE
461
The elasticity of production measures the responsiveness of output to changes (increase or 462 decrease) in inputs. Table 3 showed results of the production elasticities for the inputs in the 463
Cobb-Douglas frontier function. The estimated elasticity of production of farmers in Esan 464
West LGA showed increasing return to scale. Quantity of suckers, fertilizer, labour and farm 465 size showed positive increasing return to scale implying efficient allocation of the variables in 466 the production process in the study area. For Ovia South-West LGA, the elasticity of quantity 467 of suckers, labour and fertilizer showed positive decreasing return to scale except for farm 468 size whose elasticity showed negative return to scale, implying inefficient allocation. As 469 observed in Table 3 , all the inputs elasticities are inelastic; a 1% increase in each input 470 results in less than 1% increase in yield. The RTS parameter (0.52) was obtained from the 471 summation of the coefficients of estimated inputs (Elasticities) which indicate that pineapple 472 production in the study area is in the stage II of the production surface. Stage II is the 473 economic relevance stage of production (the rational Stage) where inputs and production are 474 believe to be efficient. Hence, it is advisable that the production units should maintain the 475 level of input utilization at this stage as well as ensure maximum output from given level of 476 inputs. However, they can do well by increasing their level of fertilizer, labour and farm size. 477 478 
THE ESTIMATES OF STOCHASTIC FRONTIER COST FUNCTION
491
The estimated parameters for the stochastic cost function are presented in Table 4 . The 492 result revealed that the variance of the parameter estimates, sigma squared (δ 2 ), was 493 positive (22) and was statistically significant at 1% level of probability. Gamma (γ) coefficient 494 was 0.78 and was also statistically significant at 1% level of probability. The estimated 495 gamma (γ) parameter of 0.78 implies that about 78% of variations in the total cost of 496 production of pineapples were due to differences in the cost efficiencies. This means that the 497 cost inefficiency effect do make significant contributions to the cost of producing pineapple in 498 the study area. 499 500
Apart from cost of fertilizer which has a negative coefficient, all other explanatory variables 501 included in the model had positive coefficients and were significant at different level of 502 probability, indicating that as the cost of these variables increase, total cost of production 503 increases and vice visa. The positive relationship between the level of output and the total 504 cost of production implies that as the total output increases by 1%, total cost of production 505 will also increase by 0.15%. The cost of labour, farm size and suckers had direct relationship 506 also with total cost of production and are significant at different probability levels. This 507 implies that a unit increase in any of these variables will increase their total cost of 508 production by 0.32%, 0.06% and 1.71% respectively, ceteris paribus. 509 510 
DETERMINANTS OF ALLOCATIVE INEFFICIENCY
544
It is evidence from Table 4 that farming experience, household size, gender, membership of 545 cooperative society and credit accessibility variables are significantly related to allocative 546 inefficiency at different level of probability, while age, education, extension visits and marital 547 status variables had no significant effect on allocative inefficiency of pineapple production in 548 the study. 549 550
The coefficient of farming experience is negative and statistically significant at 5 percent, 551 implying more years of farming help reduce allocative inefficiency. The household variable 552 has a positive and significant effect on allocative inefficiency at 10% level of probability 553 which implies that increase in the household size will increase total production thereby 554 increasing allocative inefficiency. 555 556
The coefficient of gender was negative and significant at 5% level, which shows that women 557 who are involved in pineapple production are more allocative efficient than their male 558 counterparts. Findings from previous studies revealed that women produce and process 559 food, using diverse coping strategies for ensuring food security for their household than their 560 male counterparts. 561 562
The coefficient of access to credit had negative and significant effect on allocative 563 inefficiency at 1% level. The result of the study indicates that farmers having good access to 564 credit are allocatively less inefficient than their counterparts having poor or no access to 565 credit. The possible reason for this relationship may be that better access to credit improves 566 farmers' liquidity and ensures timely and proper application of farming inputs. 567 568
The coefficient of membership of cooperatives was negative and significantly related to 569 allocative inefficiency at the 5% level. Result of the study indicates that farmers who belong 570 to cooperative societies were more allocative efficient than those who are not members. This 571 implies that farmers that belong to cooperative societies are more able to get information 572 from extension agents about pest management, spacing, quantity of inputs, proper and 573 timely application of inputs and better access to market. 574 575
DISTRIBUTION OF EFFICIENCIES AMONG PINEAPPLE FARMERS
577
The result of the general distribution of pineapple farmers' efficiencies presented in Table 5  578 indicates that the Technical efficiency (TE) ranges between 0.03 and 0.91 with the mean 579 technical efficiency of 0.704. The average technical efficiency index of 0.70 suggests that an 580 average pineapple farmer in the study area still has the capacity to increase technical 581 efficiency in pineapple production by 30% to achieve the maximum possible level. 582 583 
HYPOTHESES TESTING
613
The result of the stochastic frontier production function showed that farm size and labour 614 inputs were positive and significantly related to output which implies that as the level of these 615 inputs increase, output also increases, thus the hypothesis that there is no significant 616 relationship between input and output is rejected. 617 618
The second hypothesis, which states that pineapple farmers' socio-economic characteristics 619 have no significant influence on technical and allocative efficiencies of pineapple production, 620 is also rejected. Hence, while farming experience, gender, extension visits, membership of 621 cooperative societies and credit accessibility in the technical inefficiency model made 622 significant contribution to the explanation of the technical inefficiency effects associated with 623 the output of the farmers involved, farming experience, household size, gender, membership 624 of cooperative societies and credit accessibility in the cost inefficiency model made 625 significant contribution to the explanation of the cost inefficiency effects associated with the 626 cost of production of the farmers involved in the study. 627 628
CONCLUSION AND RECOMMENDATION
630
This study used a stochastic frontier function model to estimate the economic efficiency of 631 pineapple production in two LGAs of Edo State, Nigeria. The analysis revealed an average 632 level of technical, allocative and economic efficiency of 0.70, 0.68 and 0.64 respectively. 633
None of the sampled respondents operated at the efficient level indicating that the output 634 realized was below attainable maximum, hence there is still scope for improvement in 635 pineapple production in Edo State in particular and Nigeria in general. The return to scale of 636 0.52 suggests that the production function was characterized by decreasing returns to scale, 637 hence pineapple producers operated in stage II of the production surface. Results from the 638 study indicated that adjustments in the production inputs such as farm size, increase and 639 efficient utilization of fertilizer and labour could lead to increased production of pineapple in 640 the study area. Farming experience, extension contact and marital status were the socio-641 economic characteristics that had significant and negative effect on the farmers' technical 642 inefficiency while gender and membership of cooperatives were observed to increase 643 technical inefficiency. Similarly, while years of farming experience, gender, membership of 644 cooperatives and credit accessibility were significant variables that influenced cost efficiency, 645
household size was observed to increase cost inefficiency. Increase productivity and 646 improvement in technical and cost efficiencies can be achieved by addressing the factors 647 responsible for the inefficiencies. 648 649
The study recommends that policies that would focus on ways of attracting and encouraging 650 the youths who are agile and stronger to embark on pineapple production should be pursued 651 such as the setting up of fruit processing factories or industries in the rural areas. Farmers in 652 the study area should be empowered in the area of land and capital acquisition, easy 653 accessibility to formal credit and other inputs for increase level of production. Similarly, 654
Government agencies in the State should implement capacity building programmes to train 655 the extension agents and farmers on pineapple production techniques and farm 656 management of available resources as efficient as possible to achieve optimum production. 657
Farmers should also be encouraged to setup cooperatives as well as taught the importance 658 of being members of cooperatives as this will strengthen their role in inputs acquisition and 659 marketing of their produce. Agricultural development programmes and policies should 660 respect and encourage gender equity to improve accessibility to resources and transform 661 productivity among pineapple farmers in the study area. More research on pineapple 662 production should be encouraged especially in the areas of plant spacing, fertilizer 663 application and disease control. This will solve the problem of over-crowding and infestation 664 during the growing period. 665 666
